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(54) A device for use in an ultramicrotome 

(57) The device comprises a holder (1 9) and a tjlock 
(18) attached to the holder (19) by one or two leaf 
springs (20) which are perpendicular to the cutting edge 
(2) of a diamond blade (1) attached to the block (18). A 
vibrator (30) cooperates with the block (18) to vtorate it 
parallel to the cutting edge (2). Thereby, the effective 
sectioning angle of the blade (1) is significantly reduced 
which eliminates or at least strongly reduces connpres- 
sion of the cut sections. 
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Description 



[0001] The present invention concerns a device for holding the knife or blade for use in an uHramicrotome or in a 
microtome. 

5 [0002] It is known to perform the ultramicrotomy (UM) and ayoultramicrotomy (cryo-UM) with a knife containing a dia- 
mond cutting blade. Typical section thickness in UM and cryo-UM is 10 nm to 200 nm. depending on the application. 
The sections are mainly used for transmission electron microscopy. For the ultramicrotomy at room temperature usually 
the cutting is performed on a knife mounted in a boat which contains water. The water forms a horizontal surface behind 
the cutting edge of the knife. Due to the surface tension the sections float on the water surface and can be collected. 

10 The water acts as a lubricant during the sectioning process. 

[0003] Depending on the sectioning angle ^ of the knife the section undergoes considerable distortion (compression) 
during cutting (Fig. 1). In Fig. 1 1 designates the diamond blade of knife with the cutting edge 2. 3 is the sample. The 
sample 3 may be one of a great variety of industrial or biological sanples. A is the vertical movement of the sample 3. 
4 is the cut section floating on a water bed 5. 6 designates the direction of compression in the section 4. 7 is a region 

15 of intense shearing, and 8 is the region of compression in the sample 3. 

[0004] Water sensitive samples 3 have to be cut dry. Due to the missing lubrication and to the friction on the knife 
surface the sections. 4 are compressed. In cryo-UM most samples have to be cut dry. The amount of compression 
deperKJs on different factors: 

20 - The sectioning angle of the knife. 
The hardness of the sample. 
The triboelectrical properties of the sample. 

The most critical factor is the sectioning angle 4>. The sectioning angle <t> is the sum of the wedge angle p of the knife 1 
25 and the clearance angle 6. It was shown that reducing the wedge angle p results in a reduction of compression. How- 
ever, the wedge angle p may not be reduced ad infinitum. We have found an angle of 30** to be a limit. A further reduc- 
tion results in a lower cutting edge 2 quality and in a considerably shorter service time of the knife 1. In cryo-UM the 
compression in sections was found almost equal with the sectioning angle <t>. Therefore, a knife 1 working with a sec- 
tioning angle (t> of 40** (wedge angle p 30*. clearance angle 6 10*^) would result in a conpression in the sections 4 of 
30 approximately 40%. 

[0005] In order to preserve the original ultrastructure and form of matter, it would be desirable to eliminate the distor- 
tion (compression) in the sections 4. 

[0006] The problem to be solved with the present invention is to create a device for use in an ultramicrolome which 
reduces the compression of the sections. This problem is solved by the combination of features of the claims. 
35 [0007] Exemplary embodiments of the present invention are hereinafter disclosed with reference to Fig. 2 to 6 of the 
drawings, in which 

Fig. 2 is a diagram showing the effective sectioning angle a when the tAade or knife 1 1s moved in the direction 

of the edge 2 during cutting, 
40 Fig. 3 and 4 are a side view and a front view of a first embodiment, and 
Fig. 5 and 6 are similar views of a second embodiment. 

[0008] In the present invention an oscillating nxwement of the blade or knife 1 parallel to the cutting edge 2 and per- 
pendicular to the cutting direction A is used to eliminate or at least strongly reduce compression of the sections 4. When 
45 the knife 1 moves in the direction of the cutting edge 2 while the probe 3 moves in the direction A an effective cutting 
direction B results which forms an acute angle y with the edge 2 (Fig. 2). If y is the vertical movement of the probe 3 per 
time unit and z is the effective relative movement between knife 1 and probe 3 in the same time unit it can be seen from 
Fig. 2 that 



so 



tan a s 




[0009] It follows: 
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[001 OJ When the knife 1 vibrates, the effective sectioning angle o varies (maximum effective sectioning angle a equal 
to minimal effective sectioning angle a close to 0°). The theoretical value of compression reduction is as follows- An 
assumed mean effective sectioning angle a depends on the amplitude C (mm) and the frequency v (Hz) of the vibration 
and on the cutting speed v (mm/sec). Only smaD effective sectioning angles a are considered. Under this assumption 
It can be shown that 



tan a = {v/C • v) tan 4*. 

[0011] To give an example, the following parameters are assumed: ^ = 45"'; v = o.i mm/sec C = 1 imr v = l kHz 
10 [0012] It follows . 1- . . 

tan a = (0,1 mm/sec) / (0,001 mm - 1000 Hz) • i = o,1 

resulting in a mean effective sectioning angle o of about 5,7«. 
15 [OT13] The theoretical assumptions seem to be correct because on a prototype the oscillating knife has shown to sig- 
nificantly reduce the compression of the sections 4. 

[0014] In the ultramlcrotomy the persons skilled in the art have taken extreme care to shieki the microtome from all 
possible external and internal vibrations because they adversely effect the cutting result. The inventor has overcome 
this prejudice and could show that by vibrating the knife 1 exactly parallel to the cutting edge 2 no adverse effect of the 
so vibration was observed. 

(001 5] A first embodiment of the invention is shown in Fig. 3 and 4. The blade 1 is sintered in a bronze holder 16 or 
vacuum brazed m a tungsten carbide holder. The holder 16 is mounted on an inclined face of a recess 17 in a block 18 
The block 18 IS mounted to a holder 19 by means of a leaf spring 20. The plane of the leaf spring 20 is substantially 
vertical and perpendicular to the cutting edge 2. The spring 20 is mounted to the block 18 and the holder 19 by flat 
25 plates 21 and screws 22. ' 

m^ 6] An arm 23 extends upward from the base 24 of the holder 1 9. The arm 23 has a cylindrical horizontal boring 
25 and a slot 26 on one side. The cylindrical housing 29 of a vibrator 30 with a piezoelectric transducer 31 and an actu- 
ating rod 32 IS held in the boring 25 by means of a screw 33. The spherical face end 34 of the rod 32 is slightly pressed 
against a plane face 35 of the block 18. The axis 36 of the vibrator 30 is parallel to the cutting edge 2 The spring 20 
may be slightly bent towards the vibrator 30 in the unloaded state before the vibrator 30 is mounted in position such that 
with the deflection of the spring 20 required for the preload force of the block 18 against the rod 32 the spring 20 gets 
plain and vertical. The axis 36 passes through the center of gravity 40 of the block 18 

[0017] The vibrator 30 is connected to an oscillator 37 by means of a cable 38. Two adjustment knobs 39 on the oscil- 
lator 37 allow the selection of the amplitude and frequency of the oscillation of the vibrator 30. Preferably the frequency 
IS selected in the ultrasound range above 15 kHz. The required amplitude is then only in the range of 10-1000 nm 

® ® ^^"^ embodiment.Similar parts are designated with the same reference numerals so 
that a detailed description of those parts is omitted. The embodiment of Fig. 5 and 6 has two parallel leaf springs 20 of 
equa^ active length 1. The upper and lower ends of the active length 1 of the two springs 20 lay in horizontal planes 
which are parallel to the cutting edge 2. This arrangement has the advantages that the cutting edge 2 moves exacUy 
parallel to itself whereas in the first embodiment it makes a minute pendulum motion, and that vibrations around a ver- 
tical axis are strongly restricted. 

[001 9] In this embodiment the piezoelectric thickness transducer 31 is directty attached, e.g. bonded with one of its 
plane end faces 46 to a vertkal lace 47 of the block 1 8. A counter mass 48 is fastened to the opposite end face 49 of 
the transducer. Instead of or in addition to directly bonding the face 46 and 49 to the block 18 and counter mass 48 a 
pressing force by springs 64 may be used which may bear against arms 65 attached to the holder 19. This variant is 
shown in dash-dotted lines in Fig. 5. 

[0020] This anangement of the vibrator 30 has the advantage that considerably higher acceleratk>ns of the block 18 
towards the counter mass 48 are possible. This is particularly of advantage when higher frequencies are used e g in 
the ultrasound range because the accelerations increase with the square of the frequency 

[0021] The embodiment of Fig. 6 is shown in the variant for dry ultramicrotomy, e.g. without ttie water 5 in a trough 
behind the blade 1 Instead, the upper, horizontal face 55 of tiie block 18 has a depression 56 which isfilled with a plas- 
tic insert 57 with a plane ypper surface 58 the plane of wNch intersecting the front lace 59 of the blade 1 at an angle of 
75- to 85'. preferably about 80». Therefore, when the blade 1 is set at the recommended clearance angle of 10* the 
surface 58 is ©cactiy horizontal which greatly facilitates obsen/ation of the cut sections 4 with a stereo microscope since 
no refocussing is required when moving the microscope horiz6ntally. A material with good triboelectrical orooerties for 
the insert 57 is an epoxy resin. 

[0022] Instead of the piezoelectric transducer 31 other types of transducers could be used, e.g. magnetic transducers 
A suitable transducer would be a moving coil transducer similar to the one used in moving coil loud-speakers. The mov- 
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ing coil would be mounted to the block 18 and connected to the oscillator 37, The (e.g. permanent) magnet surrounding 
the coil and acting as countenweight could be elastically suspended (e.g. like the block 18 in Fig. 5) on the holder 19. 
The axis of the coil would be coincident with the axis 36. 

5 Claims 

1 . A device for use in an ultramicrotome, comprising: 
a holder (19). 

10 - a block (18) attached to the holder (19) by at least one spring (20). 

- a diamond blade (1) attached to the block (18). with a cutting edge (2) which in operation is substantially hori- 
zontal, and 

- a vibrator (30) cooperating with the block (18) to vibrate it parallel to the cutting edge (2). 

15 2. The device of claim 1 . wherein the spring is at least one leaf spring (20), the plane of which being substantially per- 
pendicular to the cutting edge (2). one end of the leaf spring (20) being attached to the holder (19) and the opposite 
end being attached to the block (18). 

3. The device of claim 2, comprising two parallel leaf springs (20) of equal active length (1). 

20 

4. The device of one of claims i to 3, wherein the vibrator (30) conrprises a piezoelectric transducer (31). 

5. The device of one of claims 1 to 4, wherein a housing (29) of the vibrator (30) is fastened to the holder (19) and the 
' vibrator (30) comprises an actuating element (32) which is In direct or indirect contact with the block (18). 

25 

6. The device of one of claims 1 to 4. wherein one face (46) of the piezoelectric transducer (31) is attached to or 
pressed against the block (18) and an opposite face (49) is attached to or pressed against a counter mass (48). 

7. The device of one of claims 1 to 6, wherein the axis (36) of the vibrator (30) passes in the vicinity of the center of 
30 gravity (40) of the block (18). 

8. The device of one on claims 1 to 7. wherein the block (18) contains behind the blade (1) a plastic insert (57) with a 
plane upper surface (58) which is parallel to the cutting edge (2) and the plane of which forms an angle of 75** to 
85^ preferably about 80*». with the front face (59) of the blade (1). the insert (57) preferably consisting of an epoxy 

35 resin. 
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